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AEPARAWS AND HETHQD FOR detfrhtm t hg simsT ftrfrFfl 

BACKGROUWn OF Tff E TWVKMTXp ^f 

The present invention relates generally to an assAy system 
for biological and nonbiological fluids. More particularly, the 
present invention relates to an apparatus for separating serum 
or plasma from particulate matter and then optoelectronically 
evaluating the serum or plasma in order to measure analytes 
within the serum. 

It has long been desirable to utilize devices that can ba 
used for on-site testing of blood products. Particularly 
important is the analysis of body fluids from humane and animals 
to diagnose disease, monitor the course of therapy, or determine 
the presence of illicit drugs. Commonly, the analytical methods 
used to carry out these objects are performed on blood samples. 
Clinical chemists have a preference for working with serum 
over plasma and plasma over whole blood because of the clarity 
of the sample matrix and the lack of interfering substances from 
the solid iibrtion of the blood. in order to facilitate 
analysis, a separation step must be carried out since the 
presence of red blood cells, either Intact or heraolyzed 
interferes with the signal generated by the chemical reaction 
performed by the teat. 

Conventionally, the separation of blood components has been 
carried out by placing a blood sample in a centrifuge end 
centrifuging the sample for ten minutes at approximately 3,000 
rpms. The serum obtained from this centrifuging step is then 
used to carry out the test, thus avoiding interferences from 
blood solids such as red blood cells. 

An embodiment for chemical tests called dry reagent strips 
was developed first for urinalysis. Thereafter, various efforts 
to combine dry reagent strip technology in blood testing were 
started in the early 1950's. Notably, U.s. Patent No. 3,092,465 

1 
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discloses a reagent in a bibulous carrier with a superimpoSGd 
seiaipemeable coating to exclude the chemical and nonchemlcal 
interferences from red blood cells. The device, while 
performing analysis on whole blood, still required additional 
5 manipulations by the user, in the form of washing of excess 

blood after a specified time interval. Additionally, U.S. 
Patent Nos. 3,552,925 and 3,552,928 disclose the use of salts 
and amino acids to perform In-sltu separation. U.S. Patent Ho. 
4,477,575 discloses the use of a glass fiber matrix. 

10 More recently, membranes have been employed in a variety of 

devices. These include devices disclosed in the following 
United States and foreign patents and publications: U.S. Patent 
Nob. 4,774,192 and 5,166,051; European Published Applications EP 
0408222 Al, EP 0408223 Al, EP 0407800 A2 and EP 0388782; and PCT 

15 Published Applications Nos . WO 93/22453 and WO 90/10869. The 

use of the various membranes disclosed in the above patent 
documents operate on size exclusion principles, and several of 
those are limited by rates of capillary flow and do not 
completely, eliminate interference from intact or hemolyzed red 

20 blood cells. Fresh red blood cells are elastic in nature and 

may pass through pores smaller than their nominal diameter. 
Hemolysis may occur on contact with acme of the architectural or 
chemical components of the strips. Consequently, errors may be 
introduced into the measurement system. 

25 U.S. Patent No. 5,104,619 discloses a disposable diagnostic 

system comprising a test card having a substantially flat body 
and a generally cylindrical reagent pad pocket formed in a 
central area of the flat body. A reagent chemistry pad is 
disposed in the pocket and a snap fit cover is received in the 

30 pocket and arranged over the pad to retain the pad in position. 

The device size and configuration allows for bar code graphics 
to be printed on the underneath side of the device. The bar 
code may contain lot specified data about the reagent chemistry, 
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-nd le read by the „eter during device Insertion. Thla date -ay 
further contain critical paranotere for the software algorithm 
Within the »eter electronics. U.S. Patent No. 5,139,685 also 
discloses a separation filter assembly having a snap fit lid. 
in this patent, glass fibers are utilized and maintained in . 
compressed state under pressure. 

Accordingly, a need exists for an Integrated system for 
."Baying analytes and whole blood samples which are not affected 
by the chemical or physical interferences normally caused by red 
blood cells and other portions of whole blood. 

SUMMARY np Tffg IMVlrnY| f;i|j 

The present invention, in one form thereof, comprises a dry 
solid phase diagnostic test strip and system for the chemical, 
enzymatic, and/or immunological analysis of whole blood 
-nelytes, comprising a reflectance photometer, a solid support 
strip, a porous detection zone member, a permeable spreading 
layer, an overlay sample receiving membrane containing an agent 
for the exclusion of intact red blood cells and a strip- 
receiving putform for positioning the strip Inside the 
reflectance photometer. The detection area membrane may contain 
Chemical, enzymatic, and/or immunological reagents that generate 
specific signals in the presence of a target analyte. The 
-gent, in contact with the overlay membrane, prevents passage 
and hemolysis of red blood cells while facilitating rapid 
transport and reaction of the plasma or serum portion of 
introduced whole blood samples. 

in addition, the present invention, in one form thereof, 
comprises a reflectance photometer which utilizes test strips 
that are color coded for test differentiation. Por example, a 
blue strip may indicate a glucose test, whereas a red strip may 
indicate a cholesterol test. These colors are then divided into 
Shades such as 64 shades of blue equal to 64 lot numbers of 
glucose strips. The photometer includes a separate optical read 
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head that determines the color and shade of the base of the teat 
strip device as the strip is inserted into the photometric 
instrument. The shade is converted into a lot number ranging 
from 1 to e-l. The instrument also has a memory nodule 
5 (preferably an electrically erasable programmable read-only 

memory) that has a corresponding lot number to the shade of the 
strip to ensure lot number verification. The instrument then 
compares the inserted memory module programmed lot number to 
ensure that It is the same lot number as the test strip. If the 

10 strip lot number does not match the memory module lot number, 

the test is not performed, and the user is instructed to Insert 
the correct memory module. 

The lot number verification allows for the automated coding 
of lot numbers so that the user does not need to enter a lot 

15 code for each vial of strips. This prevents the running of the 

incorrect, old, or expired lot number tests in the instrument. 

The "plug-in memory" of the module includes the lot number 
of the test strip, the expiration date, and the performance 
criteria for; the actual strip measurement. The performance 

20 criteria include the wavelength, measurement algorithm, and 

unreacted density qualifications necessary for a valid test 
result . 

The optoelectronic measurements of the chemistry test 
reaction on and in a surface enhances the dynamic range of the 

25 dry phase test. Algorithms that read at different wavelengths 

at different times in the chemistry reaction can extend the 
dynamic range of the test system. This is particularly 
applicable when using multiple chromophores in a single 
measurement system. The early portion of a chemistry could be 

30 read at the peak wavelength of a reaction, while the later 

portion or darker or more dense portion of color development 
could be read at a wavelength not near the peak of the color 
development. In addition, different chromophores may respond in 
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a more lln.ar »annar In different portions of the dyn.»lc range 
Of the Chemistry. Manipulation of these two data points can 
significantly Increase the dynamic range (1„ „,/dl) of a 
chemistry reaction. 

The optoelectronic measurement of the chemistry test 
reaction on and in a surface reduces error due to orientation of 
the surface to be read to the instrument. Multiple wavelengths 
and different angles are used to correct possible problems In 
positioning the strip In the Instrument. If the detector la at 
-O" angle and the emitters of the same or different wavelengths 
are at different angles (e.g., one at 40. and one at 50-), the 
tilting Of a surface win positively contribute to one reading 
While It will contribute in a negative manner to the other 
reading thus it is able to cancel the error presented by the 
angle presentation of the surface. These sane measurement 
»ethods can be used to eliminate Interferences from substances 
Buch as bilirubin and others. 

The optoelectronic measurements of the chemistry teat 
reaction on , and In the surface enhance the stability of timed 
and untlmed dry phase chemistry reaction. Algorithms are used 
to determine the "end point" of a chemistry. m other words, 
measurements can be done at similar or dissimilar wavelengths to 
.predict the stable portion or end point of a chemistry, if 
kinetic measurements are made, the kinetic readings can be 
subjected to an algorithm to determine that the rate Is slow 
enough to declare the extrapolate chemistry Is at an end or 
completion. When known standards are run and predicted by this 
pseudo-endpoint, the same measuring criteria can be applied to 
unknowns to determine the "endpolnt" of the test reaction. 

The use of colored or shaded visual indicators In the 
Instrument enhance the interpretation of test results. A 
colored bar graph is used to aid the user in knowing when the 
user test results are in a normal or safe range, out of range 
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colors such as orange for caution and red for danger are used 
when results are outside the green "safe" range. This Is 
particularly useful to new testers who are not familiar with the 
number scale of the different test results. A voice module can 
also be used to warn the user of unsafe results or operation of 
the instrument system to make the system usable by the visually 
impaired by providing, for example, a sound beep for each unit 
of glucose during a glucose test. 

P T^TKF HESCRIPT TON OF THE DRAWIWgg 

Fig. 1 is a perspective view of the reflectance photometer 
In accordance with an embodiment of the present invention; 

Pig. 2 is an exploded perspective view of the plastic test 
strip of present invention In its unlocked position; 

rig. 3 Is a perspective view of the plastic strip of Fig. 2 
15 In Its locked position; and 

Pig. 4 is a sectional view of the plastic strip; 
Fig. 5 is a block diagram schematic of one embodiment of 
the reflectance photometer of the present Invention; 

Fig. 6 ,is a graph plotting sample size, elapsed test tine 
20 and percentage of reflectance illustrating how endpolnt 

determinations may be utilized to speed chemistry measurement, 
pr; «;f!niPTiOH of the p i^rferred embodiment 
In accordance with the embodiment of the present Invention, 
the diagnostic chemistry measurement device 10 for dry solid 
25 phase chemical, enzymatic, immunological assay of whole blood or 

sera analytes is made up of an injection molded carrier teat 
strip 20 in which several porous and nonporous materials 
containing chemicals and reactants are contained for the purpose 
of generating a detectable signal in the presence of certain 
30 analytes. The test atrip 12 la Inserted into a reflectance 

photometer. The reaction material layer on the test strip 12 la 
held In intimate noncompreseed contact with a whole blood 
separation layer In the absence of adheslves for the purpose of 
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providing a liquid ea.ple free of red blood cella to the 
reaction layer or layers. 

Holder 

The holder test strip la of this Invention .cte as holder 
for the different l.yers of the test reaction ayeten. it 
provides a convenient handle as well as a ™echanls„ for placln, 
test strip ,2 into an Instrument lo for the reading of the 
density changes of the reaction layers, shown In ri,. . test 

etrlp X2 includes an elongate body 16 preferably ,or»ed by 
Injection molding. Elongated body 16 Includes a first end 
portion 18 and a second end portion 20. A hinged portion 22 Is 
located between first and second and end portions IB and 20 so 
that first end 18 is foldable over elongated body 16 Into 
contact with second end 20. 

AS Shown In rig. 2 first end portion 18 Includes a opening 
While second end portion 20 Includes a complementary spaced 
opening 26. when first end portion 18 Is folded over body 16 
each opening 24 and 26 are aligned. In Its folded position as 
ehown In Fig, 3 opening 24 In test strip 12 defines an area for 
depositing a body fluid sample while opening 26 defines an arsa 
In Which optoelectronic meaeurements of chemistry test reactions 
are conducted. 

Test strip 12 further Includes an adheslvelees carrier 
l«yer 14 formed from, for example, three particular layers, in 
a standard diagnostic test strip, carrier layer 14 may Include a 
disbursement layer 28, formed of for example woven materials 
euch as polyester or cotton, for rapid and even disbursement of 
body fluid along carrier layer 14. Beneath that may be Included 
a separating layer 30 constructed of known materials such as 
Bhown In Table IX Infra, that, when exposed to a sample liquid, 
may separate an.iyte and analyte disrupting elements such a. red 
blood cells from whole blood. This action would permit the 
Berun analytes to pass through separating layer 30 while 
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preventing red blood cells or other analyte disrupting elements 
from passing through. The last layer shown In Fig. 2 Is that of 
the test reaction membrane 32 on which the dry chemicals and 
reactants are contained for generating a visible signal In the 
5 presence of serum analytes. Molded carrier body 16 serves as a 

support for the reacting and nonreactlng layers 28, 30 and 32 
which may be formed from papers, membranes and deles materials. 

The test strip holder 12 positions the different layer 
materials 28, 31, 32 within the holder the correct X, Y, and Z 

10 axis positions. Carrier layer 14 made up, for example, the 

disbursement separating and test reaction layers 28, 30 and 32 
are held In noncompressed adheslveless locations by first end 
portion 18 folding over to second end portion 20. This may be 
accomplished in a number of different ways. The preferred way 

15 of noncompressingly holding carrier layer is of an upstanding 

annular rim 34 may help locate the carrier layer 14 within teat 
strip 12. Additionally, small upstanding protuberances 36 along 
second end portion 20, radially located away from opening 26 
prevent movement of carrier layer 14. The purpose of both 

20 annular rira 34 and small upstanding protuberances 36 Is to hold 

the layers of carrier layer 14 without compression between 
opening 24 and opening 26, thereby preventing pooling of any 
sample within carrier layer 14, This consideration of 
noncompresslon of the carrier layer 14 is of greater Importance 

25 when larger numbers of layers are utilized. The positioning of 

a carrier layer 14 without adheslves or compression allows for 
efficient transport of sample and reactants contained in the 
system and test strip 12. Annular rim 34 or alternatively other 
areas of test strip 12 may Include sawtooth protrusions to 

30 Increase flow rate through carrier layer 14,. 

Test strip 12 includes a locking mechanism to prevent any 
unlocking of front end portion 18 from Its folded position over 
elongated body 16. As shown in Fig. 2, one type of locking 
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pro e t n 33 ^^^^ ^^^^ 

to secon. portion .0, .oe. projections 33 „iu Xnte«U .„a 
-P loo. „UM„ openin,. .o. otHer t.pes o. one wa, .oc.in, 

mechanisms may also be usaH 

jr oABo oe used, such as snap rivets. 

More than one test reaction e.ste™ can .e housea 1„ a teat 
trip ... , ^^^^^ ^ 

The deecrlbea hoiaing „echanls» allows Cor the r.pla 
-eparatlon or whole hlooa Into Its ll,ula .„a aolla co»ponents 
also allows s.„ple volumes as low ..o microliters to he usea 
in dry phase che.lstry reactions. Test strip i. allows the use 
Of several reaction ana non-reactlcn layers. . typical hoiaer 
couia contain fro„ i to 8 layers of material with thlcKnesses 
'ro. approximately o.oo. Inches to 0.007 Inches, ,or e.,„p,e 

Chemicals and materials are e-ployea to aUow for the 
treatment or samples s.ch as whole hlooa, which will allow th- 
vhole hlooa sample to be separated without dlsruptln, the red 
blooa ceils While rapiaiy movin, the ll,ula portion o, the whole 
blooa sample to one or more reaction sites i„ the holder 
normally on a test reaction membrane 3.. ..ese chemicals can be 
composed or polymeric and nonpolymeric substances that are dried 
onto one or more surfaces of the materials contained in the 
device hoiaer. Additionally, light metal salts of elements such 
as Potassium, Lithium, Sodium, and Calcium may be utilised to 
treat red blood cells before and durln, the separation procese. 
The materials which may be used in the holder for treatment by 
or containment of these chemicals can be composed of woven, 
nonwoven, napped, or flocked materials. 
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A wide variety of analytes can be determined by using the 
disclosed apparatus. Examples are given in tables I and II, 

5 Further, given the small size and robust nature of the 

reagent strips and instrumentation, analyses need not be limited 
to traditional clinical laboratory settings. The device of the 
present invention is also simple enough to be used by people 
with minimal or no chemical or medical technology training. 

10 This advantage allows use at home, or by mobile health care 

delivery people. Examples of this are diabetics that must 
monitor themselves for glucose and ketone bodies, patients on 
homo dialysis who would benefit by monitoring of urea nitrogen 
and people endeavoring to lower their cholesterol levels. 

15 Further, by combining several different reagents on a 

single support, a panel of tests may be done. Examples of this 
would be a liver panel consisting of ALT, AST, Alkaline 
Phosphates. A diabetic panel might consist of glucose, beta 
hydroxybutryrate and glycated hemoglobin. A coagulation panel 

20 might consist of Prothrombin time, ACTT, and ACT, 

FAMILIES OF AHALYTES BY STRUCTURE 



Family 


Examples 


Carbohydrate 


glucose, lactose, galactose 


Mltrogon Moiety 


urea nitrogen, creatinine, uric acid 


Lipid 


cholesterol, triglycerides, LDL, HDL 


Enzyme 


ALT, AST, Alkaline Phosphatase, CPK, CK-HB 


Hormone 


HCG, LH 


Therapeutic Drugs 


theophylline 


Drugs of abuse 


cocaine, marijuana, barbiturates, 
salicylates 


Electrolyte 


Na"^, K*, cl", Li"^, CO^ 


Nucleic Acids 


Infectious disease, forensic applications, 
genetic disorders 
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Disease 



Diabetes 



FAMILIES OF ANALYTES BY DISEASE 
Examples 



Liver problems 



Acidosls/Alkalosi 



Hypertension 



Mutrltlonal status 



glucose, beta ^V^roMyrl^^^ii^Z^^ 
Ic 



ALT, AST, bilirubin 



P°2^ PCO ^. pll 



Ma'^, K 



Ca Hg^"-, zn""^, trace minerals 



£vamp]flff 

The following illustrative examples teach various 

combinations or buffers, ayes, stabilisers and other reactive 

and functional components which may be combined by a person 

Having ordinary sKiU in the art into the system test reaction 
areas. 

" ''""^ 'y-^' -^y^ ana ln.lc,to„ „eea In 

diagnostic reagents. 



Example /i 

Glucose measuring system 
TABr.R Jjj 

_ Ingredient Function Amount 



DOW 1520 



Available from' 
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4 AAP 


chronophore 


0. 2 5gnis 


Aldrich Chemical, 
Milwaukee, WI 


3,5 DCHBS 


chromophore 


0. 25mg8 


Boehrlnger Hannhein 


Distilled 1120 


solvent 


QS to lOOml 





Preparation: Approxlnately . 50ml of distilled was placed in 
a beaker on a stirring plate. A magnetic bar was added and the 
Ingredients added sequentially after the previous gradient was 
dissolved and dispersed. After all Ingredients were added the 
5 volume was adjusted to lOOml of distilled HjO. 

Example 2 

Triglycerides measuring eystein 

TRIGLYCERIDES + HjO tffl»Tt«0V frt'Mt GLYCEROL + FREE FATTY ACIDS 
GLYCEROL + ATP ^^^^^"^ '^'"^^ L - ALPHA - GLYCEROPHOSPHATE + HjO, 
10 HjO^ + 4-AMIKOANTIPYRIHE + DCHBS QUINONEIHINE CHROHOPUORE 

TABLE IV 



Ingredient Function Amount Available from 



Cholesterol esterase 


reactant 


15,000 unite 


Shlnko-American, 
H.Y., H.Y. 


glycerol kinase 


reactant 


5,000 units 


Shlnko-American, 
K.Y., M.Y. 


glycerophosphate 
oxidase 


reactant 


5,000 units 


Shlnko-Anerlcan, 
N.Y. , N.Y. . 


peroxidase 


reactant 


5,000 units 


Shlnko-American, 
N.Y., N.Y. 


4 AAP 


chromogen 


1 . OOgm 


Aldrich 


3, 5 DCIIDS 


chromogen 


0. 25gm 


Boehrlnger 
Mannheim 


HES 


buffer 


2.50gm 


Research 
Organics 


PVP K30 


stabilizer 


0. SOgm 


ISP 


glucose 


filler 


2.S0gm 


Sigma 


triton x-lOO 


surfactant 


0. lOgm 


Boehrlnger 
Hannhein 


Distilled n^O 


solvent 


QS to 100ml 
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Preparation: Same as example /i 
Example 3 

Cholo.terol „easurl„, .y.te™ ,aU amounts 3pprovl„,te, 



Cholesterol Oxidase 



cholesterol esterase 



sodium phosphate 
0.5 M pir 7.0 



B.S.A. 



peroxidase 



DOSS 



reactant 



reactant 



10, 000 



7, 000 



buffer 



surfactant 



reactant 



surfactant 



750 ml 



Shlnko-Amorlcan. 
H-y., N.y. 



Shlnko-Araerican. 



15 gm 



170, 000 



sucrose 



TMB 



Distilled H^O 



stabilizer 



chromogen 



7 . 0 gms 



Dow-Corning, 



Aldrlch Chemical,! 



Shinko-American, 



1.0 gms 



10. 0 gms 



solvent QS to lOO ml 



Preparation: same as example /i 



Ooehringer 
Hannhein 



Sigma Chemicals, 



Aldrich Chemical, 



AUernatlvBly, the chronogen nay be prepared In .„ organic 
-ivent „atrlx ana treated ae a .Irst or .nd appUcation to the 
membrane or paper. 

TABLB VT 



Ingredient 




Function 


Amount 


Available from 


[Acetone/methanol 


1:1 


solvent 


100ml 


Aldrich 


[Tetramethyl 
benezidine 




solvent 
chromogen 


l.OOgm 


Blosynth Inc., 
Chicago, il 



Example 4 

Blood Urea Nitrogen Measuring system 
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Ingredient Function 



Urease 


reactant 




solvent 


Bcomthynol blue 


chroraogen 


PVP K90 


film former 


Fructose 


filler 



Preparation: Sane as experiment /I. 

Tabic VIII 
Types of Indicators 
Chromogenic substrate 
5 Redox 

Leuco dyes 
Oxidative couplers 
Benzidene Derivatives 
Fluorescent labels 
10 Dye releasing system 

Table IX 

Separation mechanisms used in dry reagents 



Chemical 


Physical 


Mechanical 


Dextran 


hydrophilic polymers 


centrifuge 


sugars 


porous latex films 


filters 


lectin 


polymer 6 swelling agent 


filters t pressure 


amino acids 


membranes 


ntembranes & 

differential 

pressure 


PEG/polyacrylate 


microfiber cloth 


wedge shape 


thrombin 


napped cloth 




gels 


sintered porous matrix 




coagulants 


density gradient 




agglutinating 
agents 


glass fibers 
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The present Invention also Includes use of a 
3Pe=t.op.oto™etrlc device lo .or aeter„lnl„, t.e denslt, o, t.e 
color reaction on and In t.e ^e^brane surface of tHe test 
reaction l«,„ 32 wltHln test strip ... p.o,_trlc device ao 
" Shown in n,. , includes a Hand-held .ousln, so for 
containing electronic control circuitry for operating the 
aforementioned tests. m the e^bodlnent shown In PI,. , . ,,,, 
strip holdin, rclon 52 Is located above three light detectors 
or sensors 5. each disposed within a port 56. ourln, test 
2"-on. a test strip 12 Is Inserted Into holdln, region 52 so 

test strip openings 26 are located adjacent ports 56 
Ught sensors „ay ta.e a reading fro™ light reflected fro„ the 
-posed test reaction „e™brane layer 32 or fro„ test strip 12 
Itself to deternlne Its color. 

Housing 50 further Includes a specialised display device 
-ch as a llguld crystal display 5S. olsplay 5a Is utilised ior 
relating test results and other Information to the user m 
particular, a color scale 60 Is used to facilitate 
interpretation of test results operating concurrently with 
digital display segments 62. Additional display segments on 
Oi-Pla. 58 include a test wait Indicator segment 6. to Inform 
the user to wait while device 10 Is performing the selected 
tests, and a test name segment 66 which the unit determined fro, 
the type of test strip 12 Inserted. 

color scale 60 may easily by constructed by . plurality of 
Shaded or colored segments arranged adjacent each other to for- 
• bar graph UKe Indicator. Electrically controllable segments 
« are oriented over the color or shaded segments so that when 
=«,»ents 68 are activated segments 68 become dark, preventing 



15 



BNSDOCID: <W0 8613707A3_)A> 



wo 96/13707 



PCT/VS95/12550 



certain colored or shaded eegmentg 60 from being visualized or 
viewed. Segments 6B that are not activated pernit the 
underlying colored or shaded segments of color scale 60 to be 
visualized. In this way it is possible for an electronic 
5 control to permit only a single colored or shaded segment to be 

viewed thereby communicating test results. 

A possible result range spectrum for color scale indication 
segments may include particular colors with particular test 
result meanings such as: 
10 Very high result danger, RED 

high result danger, RED 
high result caution, YELLOW 
high result caution, YELLOW 
high normal result, GREEN 
15 normal result, GREEN 

normal result, GREEN 
low normal result, GREEN 
low result caution, YELLOW 
low result caution, YELLOW 
20 very low result danger, RED 

Color scale 60 permits an unsophisticated user to instantly 
visually determine, in one embodiment, if a test result is 
normal (a green segment visualized), slightly abnormal (a yellow 
segment visualized) or dangerous high or low result {a red 
25 segment visualized). Alternatively, if a color liquid crystal 

display is utilized, the electronic control for test unit 10 may 
directly indicate a colored segment, rather than covering all 
but one colored segment. 

A suitable instrument, such as a diffuse reflectance 
30 spectrophotometer 10 with appropriate software, can be made to 

automatically read reflectance at certain points in time, 
calculate the rate of reflectance change, and by using 
calibration factors and software, output the level of analyta in 
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the riuld tested. The electronic control „echanlo». of 
Photo-etrlc unit lo Is shown In schematic ror„ 1„ 5 One 

or «ore U,ht sources 70, for example high Intensity u,ht 
-ittln, aioaes aHO, are disposed In ho.sin, .0 to Inu„i„,,, 

est strip 1. „ ^ ^^^^^ ^^^^^^^^ ^^^^^^ 

.or e.a™ple a photo transistor. Is ahle to ta.e a readin, o, 

njn. ref ected either fro™ the surface of test strip .3 or fro„ 
s ^^^^^^^^ ^^^^^^^^ ^^^^^ ^^^^^^ 

a,ht sensor 54 can be adapted to generate or respond to 
particular wavelengths of light. 

sensor .0 transmits a signal to an amplifier 7. as is Known 
the art. one type of amplifier available for use is, for 
«a".ple, a linear integrated circuit which converts the 
Phototranslstor current to a voltage signal. 

Appropriate electronic circuitry Is utilised to taKe the 
ootput Of amplifier 74. normally , _ple and h.ld unit 7.. and 
transfer the signal to an analog-to-digital converter 7a 
Analog-to-digltal converter taKes the analog voltage output fro„ 
t e sample and hold unit 7« and converts it to. for example a . 
"t binary digital number upon co^^and of a microprocessor/ 
microcontroller unit 80. 

Preferably an electronic microprocessor/microcontroller ao 
utilizing digital Integrated circuitry is used to ti.e selected 
tests, read signals, and together with associated programs and 
aata memory S2, calculate and store reflectivity valves and 
calculate analyte levels from the stored data. 

Additional information for particular tests may be stored 
In a removable BEPnoH unit 84 operably connected to 
mlcroprocessor/mlerocontroller 80. beprom unit 84 Is an 
interchangeable plug-In memory module containing measurement 
P.rameters. software, calibration data, and reagent recognition 
0.ta for particular test strips 1^. Additionally, EEPROM unit 
84 contains the shelf life data and identity verification 
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Information for particular production runs or lots of test 
strips 12. 

Automated lot coding la done by the color coding the 
plastic material used to make the test strip holder 12. The 
5 color used in test strip holder 12 preferably has 16 different 

densities that can be distinguished by at least one of the 
wavelengths used In the optical sensor head 54 of instrument 10. 
For instance the dynamic range of the % reflectances of the 
strip holder color could be as follows to determine the 
10 different shades of color density: 



iRef lectance 


IRef lectance 


Lot / 


Green L£D 


Red LED 




70 




1 


65 




2 


55 




3 


50 




4 


45 




5 


40 




6 


35 




7 


30 




8 




70 


9 




65 


10 




60 


11 




55 


12 




50 


13 




45 


14 




40 


15 




35 


16 



As the strips 12 are inserted into device 10, the instrument 
30 detects a change in the measurement area. This change indicates 

that a strip 12 has been Inserted into the instrument 10. As 
the instrument detects the Insertion of a test strip 12, it 
reads the densities of at least one of the LED's and calculates 
the lot number by the above table. Instrument 10 then goes to 
35 the EEPROM port connected to microprocessor / microcontroller 80 

which has an EEPROM unit 84 Inserted. Instrument 10 checks to 
see that the EEPROM preselected lot number is the same as lot 
number of test strip 12 that had been inserted into the 
Instrument. If the lot numbers are the same for test strip 12 
40 and EEPROM 84, the instrument downloads the Information 

contained in the EEPROM and proceeds with the test analysis. 
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Tha Instrument 10 reads the density of the unreacted strip to 
assure quality of the strip before the test Is Initiated, I, 
quality la passed then the Instrument Instructs the user to 
apply a sample. 

A sample Is then applied and Instrument 10 begins a 

applied to the test strip. When the Instrument has determined 
that enough sample has been applied, It then goes Into another 
cycle to measure the end of the chemistry reaction. When the 
end Of the chemistry reaction has occurred, then the Instrument 
™.sure, the final density and compares It to a measurement 
algorithm stored In EEPPOM unit e.. This measurement algorithm 
then determines the concentration of the test to be measured by 
comparing the measured density (darkness, of the color formed 
and comparing this density number to a table of values through 
the use of an algorithm stored In the EEPROH unit 84. 

After a particular test strip is selected and placed In the 
"nit, a sample, normally a whole blood sample from a fingertip 
or from a plplter tip (which could have gotten Its sample from a 
tube of blood as In a laboratory type situation, is applied to 
the sample application spot, opening 24, on test strip 12. A 
dispersement layer 28 causes the sample to quickly spread over 
the entire area of carrier layer 14. The separation layer 30 of 
the test strip spot Is allowed to separate out the solids (red 
blood cells and other analyte disrupting elements, from the 
liquid (pUsma or sera or other analyte containing portion, . 
The separated fluid, l.e the plasma, sera, or other analyte 
containing portions, moves to the test reaction membrane layer 
32 below the separation membrane 30. The above fluid migration 
causes the react.nts (analytes such as glucose, in the sample to 
come into contact with the reactants in test reaction membrane 
layer 32. 
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Analytes/f luld contacts reagent layer reaction 32 and 
initiates an appearance or disappearance of color, depending on 
its particular reaction. The above presentation of analyte to 
the reaction layer 32 causes the desired reaction to occur. 
5 This reaction causes a color change that can be detected both 

visually and by the instrument. The color change is then 
converted into a digital result on the instrument LCD as 
described above. A comparison color chart can be used to 
visually determine a reaction quantity scale as in litmus paper. 

10 Instrument 10 can use different wavelengths at different 

density portions of the reaction to maximize the dynamic range 
of the chemistry and the limits of the instrument at a 
particular wavelength. 

The "end-point" of the reaction is defined as a point where 

15 there appears to be no change or a very small change in density. 

That is, the chemistry changes color proportional to the 
concentration of the reactance that has come into contact with 
the reactance materials in the test pad (membrane). This small 
amount of change can be a change per time period. An example 

20 would be as per the graph in Fig. 6. Detailed information used 

to generate this graph is that the changes per 5 second time 
period during the beginning of the test reaction would be 
greater than 5% reflectance per 5 second time period. When this 
change is less than It reflectance per time period it can be 

25 said that the reaction is complete or at an endpoint. The 

instrument stores this percentage reflectance at this time and 
uses as above to determine the concentration of the analyte 
tested for in the test strip. 

The Kubelka-Monk equation of K/S-{ l-ref lectance) ' divided 

30 by (2 X reflectance) can be used to linearize the percentage 

reflectance values. This linearization simplifies the algorithm 
necessary to calculate results. This pseudo endpoint chemistry 
allows a more stable read time, which in turn allows for a more 
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rep„.uei..e answer. Paeudo en.poXnts also pe^it a „ore rapia 
-say to .o parro^ea. certain other glucose „o„ltorin, a,ate„s 
incorporate pre-aeter„lnea tl„ln, circuit. This pseuao enapoint 
aUcws ,or a ai„erent „et.oa to .a „sea in „a.a„ri„, cHa-iatry 
reactions, proviaaa o„a can aater»ine the enapoint of the 
Chemistry by a method other than timing. 

Multiple wavelengths are used to enhance the dynamic range 
Of a chemistry. This is particularly useful when one uses a 
-Itiple cHrom.p.ore indicator system as do some of the ahove 
-ntioned chemistries. Harly portions or low concentrations or 
a test such as glucose can use a broad range indicator such as 
TMB to increase sensitivity in the low to mid range of the 
Chemistry. „hen the test concentration is higher or the 
reaction faster, a different chromophore is focused upon to 
deter»ine more dynamic range than the previous chromophore. 
This allows one to expand the dynamic range by two different 
methods. 

one can also use wavelengths on the pea. for more dynamic 
range ana wavelengths off the "peak" absorbance of the test 
system to enhance or reduce aynamic range and also to enhance or 
reduce the "pseudo endpoint" algorithms. Hanlpulation 6f these 
four factors, chromophore A, chromophore B, wavelength 1 .„a 
wavelength . can allow one to better define the -pseudo end- 
polnt" algorithm and also allow one to optimise the dynamic 
rang, of the chemistry which in turn allows for increased 
sensitivity throughout the chemistry reaction range with greater 
precision. 

Multiple wavelengths can also be used with different angles 
of emission to correct possible problems in positioning the 
-trip in the Instrument. if the detector is at "o- angle and 
the emitters of the same or different wavelengths are at 
different angels (one at and one at 30-) the tilting of a 

surface win positively contribute to one reading while the 
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other contributes in a negative manner thus cancelling the error 
presented by the angle presentation of the surface. These sane 
measurements methods can be used to eliminate interferences from 
substances such as bilirubin and others. When the angle of 
5 light incidence is increased from improper positioning of a 

chemistry read surface to the instrument optics, errors of both 
gloss and angularity are introduced into the measuring system 
and can give false low readings. 

10 1. Indicators and chromogens advantageously used in combination 

a. wide range pll test 

Dromothymol blue and methyl red covers pH range of 5 

through 9 

b. A amino antipyrine +3,5 dichlorohydroxybenzene 
15 sulfonate (4AAP+3,5 DCHBS) 

c. TMB+Chromotropic acid 

d. Syringaldazine + Vanillin Azine 

2. Color coding for test and lot identification 

a. blues, 16 different shades (density) 

20 b. reds, 16 different shades (density) 

c. greens, 16 different shades (density) 

d. yellows, 16 different shades (density) 

e. oranges, 16 different shades (density) 

f. browns, 16 different shades (density) 
25 g. magentas, 16 different shades (density) 

h. light blues, 16 different shades (density) 

i. light reds, 16 different shades (density) 
j. light greens, 16 different shades (density) 
k. light browns, 16 different shades (density) 

30 1. light magentas, 16 different shades (density) 

m. cyan, 16 different shades (density) 
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light cyan, 16 different shades (density) 

It win .e appreciated that the foregoln. Is presented by 
way Of iu„stratio„ cniy. and not .y „ay of .„y H„itation, .„d 
th t v„,_ modifications ™ay be „ade to the 

Illustrated embodiment without departing fro™ the spirit and 
scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A diagnostic test strip for use in an analyzer for 
measuring analyte in a sample, said test strip coraprising: 

an elongate body including a first end, a second end, 
and a hinged portion between said first and second ends, aaid 
5 first end being foldable over said body, said first end and said 

second end each having an opening that are aligned when said 
first end is folded; and 

an adhesiveless carrier layer disposed without 
compression between said first end and said body whereby eample 
10 communicated to said carrier layer is prevented from pooling 

within said carrier layer. 

2. The test strip of Claim 1 in which said carrier layer 
Includes a separating layer that when exposed to a whole blood 
sample excludes red blood cells from passing therethrough while 
allowing the liguid portion of the whole blood sample to pass 

5 therethrough. 

3. The test strip of Claim 1 having a carrier layer 
utilizing samples in the range of 2.0ul to lO.Oul to generate a 
reaction to accurately test a selected analyte. 

4. The test strip of Claim 1 in which said carrier layer 
includes: 

a separating layer that when exposed to a sample 
liquid having both analytes and analyte disrupting elements said 
5 separating layer excludes said analyte disrupting elements from 

passing therethrough while allowing the analyte portion of the 
sample liquid to pass therethrough; and 

a test reaction membrane adjacent said separating 
layer that creates a gradient color dependant on the 
10 concentration of selected analytes in the analyte portion that 

had passed through said separating layer. 

5. The test strip of Claim 1 in which said carrier layer 
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incaudes a sprea.ln, :a,er over sala «epa.ati„, Xayer to cause 
aa„ple to sub.tantlaUy evenly enter said separating layer 

6. The test strip o, clal„ , i„ ,Hlch sala carrier layer 
teat „ora than one analyte at one tl™e. 

- loci " ' "^^^ -ay incl^aes 

aocKlng „ea„s locK together said Mrst end and eald body. 

fl- A diagnostic test strlo for no*. 

''''^P ^"'^ In an analyzer for 
-sunn, analyte In a sample, said test strip co„prlsln,. 

and " '"'^ " ""^ - 

and a hinged portion between said .Irst and second ends, said 

»rst end beln, Voidable over said body, said .Irst e„<. and said 

first end Is folded; 

an adheslveless carrier layer disposed bet .Id 

"ret end and said body of said carrier layer whereby the 
accuracy of measured analytes Is Increased; and 

non-co^presslve »eans holding said carrier layer 1„ 
Place between said first end and said body whereby pooXin, of 
s«".ple within said carrier Is prevented. 

9. The test strip of Claln e in which said non- 
ccpressive „eans comprise protrusions to locate said carrier 
layer in place whereby said carrier layer is maintained in Known 
locations along the X, Y and z axis. 

10. The test strip of claim 8 in which said non- 
compressive means comprise sawtooth protrusions to locate s-ld 
carrier layer in place whereby said carrier layer is maintained 
in known locations along the X, v and Z axis. 

11. The test strip of claim a in which said separation 
layer Is treated with light metal salts to reduce red blood 
colls in the sample. 

12. The test strip of Claim e in which said first end 
folds over said carrier layer and loc.s to said body causing the 
layers of said carrier layer to be In adjacent contact without 
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adheoives or compression whereby efficient separation of red 
5 blood cells from plasma In whole blood samples. 

13. The test strip of Claim 1 further comprising a tab and 
an opening one of which on said first end the other on said 
second end so that when said first end folds into contact with 
said body, said tab interfits with said opening to lock said 
5 first end with said body. 

X4. A chemistry measurement system comprising; 

a test instrument with a light source and light 

sensor; 

diagnostic test strip for use in analyzing a sample, 
5 an elongate body Including a first end, a second end, and a 

hinged portion between said first and second ends, said first 
end being foldable over said body, said first end and said 
second end each having an opening that are aligned when said 
first end is folded, said test strip having an adheslveless 
10 carrier layer disposed without compression between said first 

end and said body, said opening adapted to receive said sample; 

an electronic control for computing particular test 
results on light incident on said light sensor that was 
reflected from said test strip; and 
15 display means for displaying said test results. 

15. The measurement system of Claim 14 In which a 
plurality of test strips are utilized for particular chemical 
tests, said test strips color coded for Identification of which 
said particular chemical test said test strip is operable. 

16. The measurement system of Claim 15 In which a 
plurality of test strips are utilized for particular chemical 
tests, said test strips color coded for Identification of said 
particular chemical test for which said test strip Is operable 

5 and lot designator, said light sensor sensing said color of said 

test strip when said strip is inserted Into said test Inatrunent 
and sending a coded signal to said electronic control, said 
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electronic control determining the type of te^t and lot 
designator o. inserted teat atrip .„a denying test operation 
When aald lot dealgnator la not within predefined ll„lta. 

1'. A Chemistry n>e,auren,ent system of claim 16 In which 

le. A chemistry measurement system comprising: 

a test instrument with a light source and light 

senaor; 

a color coded dlagnoatlc test strip for use 1„ 
analyzing a sample, said strip having an elongate hody including 
a "rst end, a second end, and a hinged portion between said 
first and second ends, said first end being foldahle over said 

H-ving an carrier layer disposed without compression between 
receive said sample; 

an electronic control for computing particular test 
results on light Incident on said light sensor that was 
reflected from said test strip. „ld control determining from 
s-id color of said test strip if said test strip Is fro- a 
particular production lot. said control operating said test 
operation only if said test strip Is from a preselected 
production lot; and 

display means for displaying said test results if said 
test is conducted. 

19. A chamUtry measurement system comprising.- 

a test Instrument with a light source «„d light 
sensor, said light source emitting light at multiple angles and 

multiple wavelengths; 

a diagnostic test strip for use in analyzing a sample, 
said test strip comprising an elongate body Including a first 
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end, a second end, and a hinged portion between said first and 
second ends, said first end being foldabie over said body, said 
teat strip having an adhesiveless carrier layer disposed without 
10 compression between said first end and said body; 

an electronic control for computing particular test 
results on light Incident on said light sensor that was 
reflected from said test strip; and 

display means for displaying said test results. 

20. The chemistry measurement system of Claim 19 in which 
said electronic control includes a removable erasable 
programmable read only memory unit containing lot number data 
and expiration data for particularly chemical tests. 

21. A liquid crystal display matrix for a hand-held 
chemistry measuring system, said display matrix comprising: 

a display screen having a plurality of shaded segments 
arranged adjacent each other; 
5 a plurality of controllable segments disposed within 

said screen oriented over said shaded segments, said 
controllable segments preventing visualization of said shaded 
segments when activated and permitting visualization of said 
shaded segments when deactivated whereby results from said 
10 chemistry measuring system are communicated by visualizing 

selected shaded segments. 

22. The liquid crystal display of Claim 21 in which said 
shaded segments are aligned In a line forming a substantial bar 
graph indicator. 

23. The liquid crystal display of Claim 21 In which said 
shaded segments are colored to indicate selected results from 
said blood chemistry measuring system. 

24. A method of testing analyte in a sample comprising the 
steps of ; 

providing a chemistry measurement system having a 
light sensor, test display, colored diagnostic test strips for 
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' "■• '■• . 

....... uT:;:;: ■ - - - 

Inserting said test strip into a-ld „ 
system; "easurenant 

operating said .e,eure™e„t syste™ to conduct the 
" predetermined test; and 

displaying teat reauits on said test display. 



10 



29 



BNSOOCID: <WO_9613707A3JA> 



wo 96/13707 



PCTAJS95/12550 




SUBSTITUTE SHEET (RULE 26) 



wo 96/13707 



PCT/US95/12550 




BNSCOCID; <W0 9613707A3_IA> 



SUaSTTTUTE SHEET (RULE 26) 



wo 96/13707 



PCTAJS95/12550 



3/5 




SUB5TmfTC curirr/niff »- 



wo 96/13707 



PCT/US95/J2550 



4/5 



CO 










>- 




< 








Q- 




in 




a 




BNSDOCID: <W0 9S13707A3JA> 



SUBSTrrUTE SHEET (RULE 26) 



V ^-^^L.^.^A^ ^cARCH REPORT 



IPC 6 G01N33/52 G01N21/84 



lm'"~^aootujABp|)c»Don No 



G02F1/133 



B. FIELDS SEARCHED " ■ - 



Docurncnuoon ««hcd oAer than minimum dDcumcm.aan to 



"^"^ «wh documemi « ,nclu<kd .n the fields" 



(carched 



a««icnic OAU hue consulted dunng the munutiof^" 



«rch (name of d»t. b« .here pr«Ucal. .c«,A u„„. 



EP,A,G 416 587 (TERUMO CORP -YAMATAKF 
HONEYWELL CO LTD (JP)) 13 March JqsJ 

see the whole document 

US.A,3 835 465 (TANNAs'l ET AL) 10 
September 1974 ^ 
see the whole document 
see figures 

EP.A,0 479 394 (LIFESCAN INC) 8 April 1992 
see figures 

EM.0 617 282 (DIFCo"laB) 28 Septentfier 
see claim 1; figure 5 



Relevutt to ciaun No. 



fx) ^'"^ (toeiflnenti are hoal m the continiuoon of box C. 
• Spcoal ettegonei of aud documents : 

auaon Of other ipead «4«m (« «pcaf.ed} 



1-14.19. 
20 



21.22 



23.24 

1-14.19. 
20 



M4.19. 
20 



I D*te of the actuij completion of the iniemtDonU taizh 



fxl f*mi I y members are luted 

^ ^TJ^^l puhlithed after the intema«,oiul film, date 

|«J«i, combmatM^n b.m, obvou. to a peSSSJd 
*• document member of (he tame p&tent family 



21 May 1996 



Name and mailing addreu of the ISA 



Date of matlinc <rf ihe imemaoonat icareh 

30.05.96 



repon 



Authonzcd officer 



Hoekstra, S 



page 1 of 2 



BNSOOCID: <W0 M13707A3_IA> 



INTERNATIONAL SEARCH REPORT 



i CJConOnutDon) DOCUMENTS CONSIDERED TO BE RELEVANT 



tnw -lOOMl App»ic»t>on So 

PCT/US 95/1255G 



Y 



OuBoo of documcm, Hh mdicacon. whm .ppropnw. of ihc rtlev«i ptmr* 

US,A.5 166 051 (KILLEEN YVONNE M ET AL) 
24 November 1992 
see part c of claim 1 

EP,A,0 492 326 (BOEHRINGER MANNHEIM GMBH) 
1 July 1992 
see figure 1 

WO, A, 92 22814 (HYPOGUARD UK LTD) 23 
December 1992 
see claim 2 

PATENT ABSTRACTS OF JAPAN ^ ^ ^ ^ 
vol. 010, no. 290 (P-503), 2 October 1986 
& JP,A.61 108934 (MITSUBISHI ELECTRIC 
CORP), 27 May 1986, 
see abstract 



Relevant to diim No. 

1-14.19, 
20 

14-24 



1-13 



15-18. 
23.24 



F«ftn PCT.15A 110 ieoi>iie>«*ti«i oC »cBi^ Mti) Outf IW) 



page 2 of 2 



iiNicKfVAiiLilNAL ShARCH REPORT 

InfcxmuiMDn pavnt (unity membcn 



Pitent documcni 
cited in search report 



rormj 



Publication 
dale 



-naoocuj Application No 

PCT/U^/12550 



Paenl family 
meniber(s) 



Publication 
date 



CD A i\A 1 CC07 


13-03-91 


JP-A- 


3095432 


19-04-91 






JP-A- 


3095437 


19-04-91 






JP-A- 

u r— M" 




1 Q f\A 0 1 






JP-A- 


3095434 


19-04-91 






AU-R- 




lo-uJ-93 






AU-B- 


5214290 


30-05-91 






US-A- 


5316727 


31-05-94 




10-09-74 


NONE 








08-04-92 


US-A- 


4935346 


19-06-90 






AU-B- 


603821 


29-11-90 






AU-B- 


7675887 


18-02-88 






CA-A- 


X301604 


26-05-92 






CN-A- 


1050930 


24-04-91 






DE-D- 


3787851 


25-11-93 






DE-T- 


3787851 


21-04-94 






DK-A- 


91594 


05-08-94 






EP-A- 


0256806 


24-02-88 






EP-A- 


0473241 


04-03-92 






EP-A- 


0656423 


07-06-95 






ES-T- 


2046985 


16-02-94 






FI-B- 


93149 


15-11-94 






FI-A.B.C 


942818 


14-06-94 






FI-A- 


951491 


29-03-95 






JP-A- 


7067698 


14-03-95 






JP-B- 


8020364 


04-03-96 






JP-A- 


63101757 


06-05-88 






11^. A. 


C^nA ACQ 


19-04-94 






US-A- 


5426032 


20-06-95 








5059394 


22-10-91 




• 


US-A- 


5049487 


17-09-91 






IK-A- 


c 1 Tonnc 
Ol/yuOb 


12-01-93 




OO Ad 

28-09-94 


US-A- 


5411893 


02-05-95 


US-A-5166051 


24-11-92 


CA-A- 


2048530 


09-02-92 


EP-A-0492325 


Gl-07-92 


DE-A- 


4041905 


02-07-92 






AT-T- 


119292 


15-03-95 



Fon«» PCT ISA, 310 <pWM (Mnily 40n«i] (July 1992) 

page 1 of 2 



BNSDOCID: <W0 9613707A3JA> 



INTERNATIONAL SEARCH REPORT 

InfcnniOon on ptient ramily mcmbcn 



!' niaonal Appltcaoon No 

PCT/US 95/1255G 



PiXent documeni 
died in «uch repori 



Publiution 
ditc 



EP-A-G492326 



WO-A-9222814 



23-12-92 



P«ieni fwnily 
member(s) 



PublkaUon 



DE-0- 


59104792 


G6-04-95 


FS-T- 


2071198 


16-06-95 


JP-A- 


7005109 


10-01-95 


.IP-ft- 

ur D 


7035998 


19-04-95 


US-A- 


5281395 


25-01-94 


AU-B- 


654725 


17-11-94 


AU-B- 


2021292 


12-01-93 


CA-A- 


211091G 


23-12-92 


EP-A- 


0589991 


06-04-94 


HU-A- 


68874 


28-08-95 


JP-T- 


6508437 


22-09-94 



Fenn PCT ISA.-21 0 (p«*ni funrfv •nfttij (July m2) 



page 2 of 2 



